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Propagating, directionally dependent, polarized spin-currents are created in an anisotropic planar
semiconductor microcavity, via Rayleigh scattering of optically injected polaritons in the optical
spin Hall regime. The influence of anisotropy results in the suppression or enhancement of the
pseudospin precession of polaritons scattered into different directions. This is exploited to create
intense spin currents by excitation on top of localized defects. A theoretical model considering the
influence of the total effective magnetic field on the polariton pseudospin quantitatively reproduces
the experimental observations.
PACS numbers: 71.36.+c, 72.25.Fe, 72.25.Dc
Introduction.- The field of spintronics has come a
long way since the study of magnetic dependent elec-
tron transport [1, 2] and magnetic injection of electron
spins [3] that began in the 1970s. The spin of an en-
semble of particles, such as electrons, can encode a bit of
information and today this is exploited to produce non-
volatile memory elements with high read/write speeds,
high density and low power consumption [4].
Semiconductors have the potential for lower operating
power and smaller size than their metallic counterparts,
and semiconductor spintronics [5] has been developing in
parallel with metallic spintronics, however with some dif-
ficulties for the spin injection [6]. An alternative method
for the creation of spin currents in semiconductors is pro-
vided by the spin Hall effect (SHE) [7, 8, 9], which leads
to a separation of spin-up and spin-down polarized elec-
trons in both real and momentum space. However, this
technique presents the problem of the rapid spin decay
and dephasing due to the strong carrier-carrier scatter-
ing.
Recently, spin currents were generated in a different
system, a semiconductor microcavity, using the so-called
optical spin Hall effect (OSHE) [10]. This optical ana-
logue of the SHE created separated spin currents of po-
laritons in real and momentum space that traveled a dis-
tance of the order of 100µm, evidencing the realistic po-
tential applications of polariton spin on the implementa-
tion of integrated polarization based optical gates [11].
In this letter we show that we can use anisotropic fields
to efficiently generate such spin currents in a preferred
direction at engineered points of the sample.
Semiconductor microcavities are planar nanostruc-
tures designed to strongly couple light and matter; a pair
of highly reflective mirrors confines cavity photons which
are resonant with the exciton of a quantum well embed-
ded in the cavity. The normal modes of such a system
are exciton-polaritons, neutral particles formed from the
superposition of excitons and photons [12], which do not
suffer from the fast dephasing experienced by electrons.
The OSHE originates from the combined influence of
the polarization splitting of transverse electric and trans-
verse magnetic modes (TE-TM splitting) and Rayleigh
scattering on polaritons that are excited by an optical
pump [13]. The TE-TM energy splitting arises from the
dependence of the polariton energy on the angle between
the polariton momentum k, and its dipole oscillation di-
rection, determined by the plane of polarization of the
linearly polarized excitation. The role of the Rayleigh
scattering is to provide the system with polaritons with
a pletora of different momenta after pumping with a
given k. In a generalized form, the effect of the TE-TM
splitting on the polarization of exciton-polaritons can be
conveniently described within the pseudospin formalism
by the introduction of an effective magnetic field whose
orientation depends on the polariton wave-vector. The
pseudospin depicts the polariton polarization state, while
the effective field is an optical analogue of the Rashba-
field acting upon electron spins in semiconductor crys-
tals lacking inversion symmetry [14]. The effective field
results in a k-dependent precession of the polariton pseu-
dospin, which leads to the separation of spin up and spin
down polaritons in the Rayleigh ring [10].
In realistic microcavities, the TE-TM splitting com-
petes with the polarization splitting generated by the
in-plane anisotropy of the sample, caused by interface
fluctuations, photonic disorder or local strains [15, 16,
17, 18]. Anisotropy results in the appearance of a wave-
vector independent linear polarization splitting equiva-
lent to a supplementary uniform effective magnetic field
acting upon the polariton pseudospins. In this letter
we experimentally study the polarization dynamics of
exciton-polaritons in the presence of such a field and of
2the TE-TM splitting, and demonstrate the appearance
of the anisotropic OSHE. Furthermore, the anisotropic
field enhances the spin precession of polaritons moving
along directions given by the field orientation. This is
used to efficiently generate spin currents at engineered
points in the sample, where a localized photonic defect,
creating an isolated peak in the polariton potential, is
present. Our results are in agreement with a theoretical
model based on the spinor Schro¨dinger equation, which
accounts for both the TE-TM splitting and anisotropy
effective fields.
Theory.- Given their long decoherence time [19], po-
laritons can be described by a two-component wavefunc-
tion, ψi(k), where i represents either spin-up (+) or spin-
down (−) polaritons (here we consider only lower branch
polaritons). These two spin components are directly cou-
pled to the circular polarizations of external light, allow-
ing for their optical excitation and polarization resolved
detection. The two-dimensional (spinor) wavefunction
obeys a Schro¨dinger equation, which can be written [20]:
i~
∂ψi(k)
∂t
= Hˆij(k)ψj(k) +
∫
V (k′)ψi(k− k
′)dk′
+ fi(k)−
i~
2τ(k)
ψi(k). (1)
The Hamiltonian can be written:
Hˆij(k) = δijT (k) +
~
2
(σ.Ω(k))ij , (2)
where T (k) represents the (non-parabolic dispersion) of
lower branch polaritons, σ is the Pauli matrix vector and
Ω is an effective magnetic field. Ω is given as the sum of
a field representing the TE-TM splitting [13] (this field
depends on the direction of the polariton wavevector, k)
and an effective field arising from the anisotropy in the
microcavity heterostructure Ωan (this field is wavevector
independent). These fields are illustrated in Fig. 1a.
V (k) represents the polariton potential. We will con-
sider two kinds of profile - one representing the disorder,
which is generated by a stochastic field [21] characterized
by some correlation length l and a root mean squared
amplitude Wrms; and one representing an isolated peak.
The continuous wave optical pump is represented by:
fi(k) = Aie
−k
2L2/4 iΓe
−iEpt/~
T (k)− Ep − iΓ
, (3)
where the pump is Gaussian shaped with energy Ep,
linewidth Γ, spot-size L and amplitude and polarization
given by Ai. Unlike the experiments in Refs. [10, 20] we
are working with a pump oriented at normal incidence
(which excites polaritons with zero in-plane wavevector,
k = 0). Provided the pump energy is tuned above the
energy T (0), Rayleigh scattering still allows the excita-
tion of a ring in reciprocal space (see Fig. 2a), which is
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FIG. 1: (color online) (a) The TE-TM splitting (grey arrows)
and polarization anisotropy (grey dashed arrows) can be rep-
resented by effective magnetic fields, which act on the po-
lariton pseudospin vector (Stokes vector). The total effective
magnetic field (black arrows) causes the polariton pseudospin
vectors to precess. Panels (b-d) illustrate the expected evo-
lution of the pseudospin of polaritons that have elastically
(Rayleigh) scattered from the pump state (at k = 0) to a ring
in reciprocal space with different planes of linear polarization
of excitation. The purple arrow in the center depicts the ini-
tial pseudospin. Pseudospins pointing out of the kz = 0 plane
give rise to circularly polarized emission.
important for the OSHE. Note that Rayleigh scattering
alone preserves the polariton polarization.
The decay of polaritons caused by exciton recombi-
nation and the escape of photons through the Bragg-
mirrors of the microcavity is modeled phenomenologi-
cally with a lifetime, τ(k), which can be related to the
exciton and photon lifetimes, τX and τC respectively,
by 1/τ(k) = |X(k)|2/τX + |C(k)|
2/τC , where X(k) and
C(k) are the Hopfield coefficients [22, 23].
The reason for defining the effective magnetic field Ω
is that it allows a qualitative understanding of the com-
bined effects of TE-TM splitting and anisotropy. The
polarization state of polaritons can be represented by the
pseudospin vector ρ = (Sx/S0, Sy/S0, Sz/S0), equivalent
to the Stokes vector for light, where Sx = ψ
∗
+ψ−+ψ
∗
−
ψ+,
Sy = i(ψ
∗
−
ψ+ − ψ
∗
+ψ−), Sz = |ψ+|
2 − |ψ−|
2 and S0 =
|ψ+|
2+|ψ−|
2. Graphically, in the Poincare´ sphere, Sx and
Sy are the pseudospin coordinates laying on the equato-
rial plane, which represent the degree and plane of the
linearly polarized component of the polarization, while
Sz describes its circularly polarized component [10]. The
field Ω causes the pseudospin vector to precess, giving
rise to the appearance of circularly polarized emission
even under linearly polarized excitation. Figures 1b-d
illustrate the pseudospin precession for different linear
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FIG. 2: (color online) (a) Lower polariton branch (LPB) lumi-
nescence under out of resonance excitation at k = 0 (indicated
by the red spot). Resonant Rayleigh scattering takes place to
LPB states marked by arrows. (b) Energy of the photolumi-
nescence peak at k = 0 under circularly polarized excitation
as a function of the angle of the detected linear polarization
plane (E0 = 1.487572 eV ). (c) Real space transmitted inten-
sity in the presence of the shallow disorder usual in standard
microcavities, and (d) in presence of a localized photonic de-
fect in the center of the spot. Each panel has been normalized
to show the best visibility.
polarizations of the pump.
Experimental results.- The sample used in our exper-
iments is a 2 λ, InGaAs based microcavity with a Rabi
splitting of 5.1 meV. All our experiments were performed
at 5 K, at zero exciton-photon detuning, using a linearly
polarized single mode laser as the excitation source on a
spot of 48µm in diameter. Real and momentum space im-
ages of the emission (circularly polarized resolved) were
collected in transmission geometry in two high-definition
CCD cameras. The size and direction of Ωan has been
obtained by analyzing the linear-polarization resolved
photoluminescence emission of the LPB at k = 0, where
the TE-TM splitting vanishes. A splitting due to the
anisotropy-related effective field Ωan of about 0.04 meV
can be observed, as depicted in Fig. 2b.
We have considered the anisotropic spin Hall effect at
two different locations on our sample. At the first loca-
tion (Fig. 2c) the polariton potential is the typical dis-
ordered potential present in microcavities, evidenced via
the meshed pattern in the real space image of the trans-
mission intensity. In the second location, just 150µm
away from the first one, excitation is performed on top
of a photonic defect (Fig. 2d). The presence of the defect
results in Airy ring-like patterns which arise from the in-
terference of the k = 0 pumped polaritons and those scat-
tered into the Rayleigh ring. The observed fringe separa-
tion is of ∆l = 5.6µm which corresponds to the momen-
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FIG. 3: (color online) Far-field circular polarization degree
detected experimentally (left) compared to theory (right) for
the cases of horizontal (a, b), vertical (c, d) and diagonal (e,
f) linearly polarized pump excitation. These three cases cor-
respond to Figs. 1b-d, respectively. Parameters: l = 0.2µm,
Wrms = 0.05meV, Ep = 0.63 + T (0)meV, Γ = 0.05meV,
L = 68µm, τX = 100ps, τC = 2ps. The polarization splitting
arising from anisotropy and TE-TM splitting were each as-
sumed equal to 0.04meV. The shadow in panels (a), (c) and
(e) is a block of the pump field to avoid saturation of the
detector.
tum of the scattered polaritons (k = 2pi/∆l = 1.1µm−1).
Figure 3 shows, for the first location with shallow dis-
order (Fig. 2c), the measurement of the circular polariza-
tion degree (z-component of ρ) in momentum space for
different pump polarizations. The results are quantita-
tively reproduced by the numerical solutions of Eq. 1.
Under vertical (Fig. 3a-b) and horizontal (c-d) planes
of linear polarization of excitation, only two quadrants
of circular degree of polarization are visible. This is a
direct consequence of the presence of the intrinsic mo-
mentum independent effective magnetic field Ωan, which
is canceled by the TE-TM field in the positive diagonal
direction in the far field (as depicted in Fig. 1a). Polari-
tons scattered into this diagonal direction do not feel the
action of any field and their linearly polarized pseudospin
does not precess, not giving rise to any circularly polar-
ized component. On the other hand, the total field is
enhanced in the opposite diagonal direction, giving rise
to an increased degree of circular polarization with re-
spect to the case of Ωan = 0.
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FIG. 4: (color online) Far-field [near field] degree of circular
polarization detected experimentally (a) [c] and compared to
theory (b) [d] for the case of vertically polarized excitation
in the presence of a peak in the polariton potential, in the
center of panels (c-d). The parameters were the same as in
Fig. 3, except that the disorder potential was replaced by a
Gaussian shaped defect of height 1meV and full with at half
maximum equal to 3.3µm. Dotted lines in panel (c) show the
region where the spin currents flow, in the direction given by
the arrow.
In the absence of Ωan, four alternating circular polar-
ization quadrants would be expected as a consequence
of the distribution of the TE-TM related magnetic field
in the Rayleigh circle, independently of the polarization
plane of the injected polaritons [10], as the characteris-
tic signature of the standard OSHE. In the presence of
Ωan we can recover the four quadrants if we rotate the
polarization plane of the excitation with respect to the
direction of the intrinsic magnetic field so that they are
parallel, as shown in Fig. 3e-f. For such injected pseu-
dospin the composition of Ωan and the TE-TM related
field are canceled at four points in the Rayleigh circle,
which delimit the four quadrants (see Fig.1d).
We can take advantage of the enhancement in the spin
precession related to the existence of the anisotropic field
to observe spin currents. They can be directly generated
if excitation is performed at the location where the pho-
tonic defect is present (Fig. 2d). Here, under vertically
polarized excitation, the anisotropic field gives rise a dis-
tribution of the circular polarization degree in recipro-
cal space (Fig. 4a-b) similar to that of Figs. 3a-b. The
presence of the defect results in a strengthening of both
the total intensity and the polarization degree (by a fac-
tor 2.7) of the Rayleigh signal. The real space images
(Fig. 4c-d) clearly show spin currents of polaritons scat-
tered from the defect in the negative diagonal direction.
These spin currents could not be observed in the absence
of a defect because in this case scattering takes place ho-
mogeneously all over the excitation spot. If we turn by
90◦ the plane of the polarization of excitation, spin cur-
rents follow the same direction with opposite sign (not
shown). Note that the concentric ring-like structure of
Fig. 2d is still observable in the polarization degree, both
in the experimental and simulation images.
Conclusion.- The OSHE relies on the combined ef-
fects of Rayleigh scattering of polaritons and pseudospin
precession, well described by the introduction of effec-
tive magnetic fields physically representing the polariza-
tion splitting caused by TE-TM splitting and/or sam-
ple anisotropy. The Rayleigh scattering can be engi-
neered to occur at specific points in the microcavity sam-
ple, where directional spin currents are efficiently gener-
ated and enhanced due to the presence of the intrinsic
anisotropic fields. These features can be exploited for
the implementation of integrated light-polarization based
logic gates [11].
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